A simplification to the missile vulnerability code (MV)l has been derived which takes into account the linear nature of existing missile trajectory data. This simplification allows for approximately a fourfold decrease in the number of parameters required to describe missile vulnerability data. The major use of MV data is in wargaming programs where computation time and storage space are generally quite limited.' Thus, a reduction in the number of descriptive parameters will benefit wargamers using the data.
II. DISCUSSION
The MV code simplification is based on two assumptions. The first assumption is that the laser vulnerability (LV) code generated PD (probability of damage) data may be parameterizedby a "slanted step" function.2 That is, the missile PD as a function of laser dwell time t may be represented as:
'th< '< 'ma. [1] 'D = 'DMAX and m,b are constants determined by fits to missile trajectory data, where damage has been initiated at various points along the trajectory. The above formula accurately describes missile trajectory data obtained to date.
The relevant output of a missile vulnerability analysis is the differential probability of impact as a function of miss distance, dP1/dx. For the damaged missile there is a one-to-one correspondence between the damage probability, PD, and the impact probability PI.
That is, an incremental change in the missile PD implies an equal change in the impact probability PI, or dP1/dPD = 1. Using this simple relationship, the relevant quantity dP1/dx may be derived from Equations These values of x are simply where
Here R.
is the initial range, Rmax is the range at which the P Initial D begins to accumulate, and Rmin is the range at which PDMX has accumulated.
It is assumed that the dP1/dx distribution cuts off sharply at the limits Xmin and Xma.
Realistically, we expect the distribution to fall off more gradually at the end points. The miss distance as calculated from Equation 2 is not completely deterministic, and actual miss distances would be distributed about the calculated value. In reference 1 a Gaussian distribution about the calculated miss distance was assumed, and the accumulated probability of kill was distributed over a range of miss distances.* Here we ignore the tails of the distribution in order to simplify the results. The error made in doing this is negligible, as will be shown in the next section.
III. EXAMPLE
A sample calculation is performed to illustrate the simplicity of the derived methodology. Let us assume that the missile velocity is 260 metres/second and the missile CEP (circular error probable) is 7.6 metres. Assume the miss distance equation is given by X = .25R -100
[8]
The following quantities define the missile P D( see Equation [9]
[10] We note that 3 quantities, dP1/dx, Xmax, and Xmin are sufficient to describe the distribution. By contrast, the original formulation of the problem required that dP1/dx be specified for each CEP interval. Thus to specify the distribution out to 10 CEP from the origin required 10 numbers, and information about the distribution beyond 10 CEP was lost. The distribution is plotted in Figure 1 as a solid line. Also shown in Figure 1 is the same distribution with the effects of dispersion included (dashed line). It can be seen that the tails of the distribution are small and can be neglected. The same calculation will now be performed for a 2 second dwell time. We note that the calculations of dP1/dx and Xmax are the same as before. To calculate Xmin we nave R = 1000-260 * 2. min = 480. metres [17] and thus The distribution is plotted in Figure 2 (solid line), and again we note that the tails of the dispersed distribution (dashed line) are negligible. Thus far we have been concerned with the impact distribution for a damaged missile. The damaged missile impact probability PI is obtained by integrating dP1/dx over the miss distance X.
the integrated probability under the solid line however, two other sources of probability for a
In Figure 2 , for instance, equals 0.78. There are, given engagement. One is the probability of catastrophic kill, PC, and the other is the survival probability PS. The probability of catastrophic kill is the probability of defeating the missile before ground impact, i.e., a warhead kill, while the survival probability is defined as the probability of the missile completing its mission without being damaged. The sum of the three probabilities must be unity to conserve total probability:
The survival probability PS is distributed according to the usual circular Gaussian distribution (see Reference 1). Let us assume for simplicity that the probability of catastrophic kill PC equals zero. We then have = .22
The survival probability is plotted in Figure 3 along with the impact distribution from Figure 2 .
IV. SUMMARY
A simplification to the MV code has been derived for situations where the missile miss distance is a linear function of damage range. This simplification provides for a more concise representation of the data and is advantageous for wargaming applications. A sample Fortran program which will perform the calculations described in sections II and III is listed in the Appendix. 
